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Abstract. The effects of the cosmological constant on the static equilibrium configurations and stability
against small radial perturbations of relativistic polytropic spheres are investigated. This study numerically
solves the hydrostatic equilibrium equation and the radial stability equation, both of which are modified
from their standard form to introduce the cosmological constant. For the fluid, we consider a pressure p and
an energy density ρ, which are connected through the equation of state p = κδΓ with δ = ρ−p/(Γ−1), where
κ, Γ and δ represent the polytropic constant, adiabatic index and rest mass density of the fluid, respectively.
The dependencies of the mass, radius and eigenfrequency of oscillations on both the cosmological constant
and the adiabatic index are analyzed. For ranges of both the central rest mass density δc and the adiabatic
index Γ , we show that the stars have a larger (lower) mass and radius and a diminished (enhanced)
stability when the cosmological constant Λ > 0 (Λ < 0) is increased (decreased). In addition, in a sequence
of compact objects with fixed Γ and Λ, the regions constructed by stable and unstable static equilibrium
configurations are recognized by the conditions dM/dδc > 0 and dM/dδc < 0, respectively.
PACS. Compact objects – Cosmological constant
1 Introduction
In 1917, the cosmological constant Λ was introduced by A. Einstein in his general relativity field equations, yielding
[1]
Gµν + Λgµν = 8piTµν . (1)
In Eq. (1), Gµν is the Einstein tensor, gµν is the metric tensor, Tµν is the energy-momentum tensor and c = 1 = G
units are assumed.
It is common to see Λ moved to the rhs of Equation (1) as
Gµν = 8pi(Tµν + T
vac
µν ), (2)
with
T vacµν = −
Λ
8pi
gµν , (3)
and in this sense, T vacµν is the vacuum energy-momentum tensor. Note that even in the absence of matter (Tµν = 0), the
total energy-momentum tensor in Eq. (2) is 6= 0. Moreover, the effects of T vacµν are expected to be gravitational only;
that is, the effects cannot be “observed” otherwise. In this particular regard, it is worth mentioning that a positive
cosmological constant has, in fact, an “anti-gravitational” or repulsive effect. This will be revisited soon.
Einstein‘s intention with the presence of Λ in Eq. (1) was to predict a static, unchanging universe, which was
the belief at that time. Thirteen years later, with E. Hubble’s discovery of galaxies with receding velocities [2] and,
consequently, an expanding universe, Einstein had to forfeit his idea, considering the cosmological constant, in his own
words, “the biggest blunder” of his life.
Remarkably, the cosmological constant has not only been revived but also introduced unprecedented disarray into
the scientific community. While the cosmological constant properly fits cosmological observations, which points to an
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accelerated expanding universe [3,4,5,6], the cosmological constant is haunted by “the worst theoretical prediction
in the history of physics” [7], namely, the “cosmological constant problem” [8,9,10,11]. In other words, to fit the
cosmological observations, the value of the cosmological constant must be many orders of magnitude smaller than the
value predicted from unified theories of elementary particles. This issue is nothing but the “the weight of the vacuum”
[9].
There have been some attempts to solve the cosmological constant problem. One possibility is to examine the
observational consequences of a vacuum energy that decays in time [12], disguised in Λ(t) models [13,14,15,16,17]. P.
D. Mannheim has argued, on the other hand, that to solve the cosmological constant problem, one does not need to
change or quench the energy content of the universe but rather only its effect on cosmic evolution [18]. In this case, Λ
actually becomes as large as elementary particle physics suggests (recall [8]). Other attempts can be seen, for instance,
in unimodular gravity [19,20,21,22], holographic dark energy [23,24] and extra-dimensional models [25,26,27,28].
To avoid the cosmological constant problem, it is common to see some attempts in the literature to describe
cosmic acceleration without a need for the cosmological constant [29,30,31,32,33] (see also References [34,35,36,37]).
Nevertheless, the cosmological constant (standard) model is the best and simplest way to fit cosmological data.
The effect of the cosmological constant is analyzed in many astrophysically motivated problems, for example,
focusing on the properties of the radial trajectories of test particles [38] and of geometrically thin accretion disks [39],
exploring circular orbits [40] and investigating the equilibrium configuration of a perfect fluid orbiting Schwarzschild-de
Sitter black holes [41]. Moreover, the role of the cosmological constant in the galaxies neighboring the Milky Way has
been tested; for instance, this topic has been explicitly investigated for both small and large Magellanic Clouds in the
gravitational field of the Milky Way [42].
In the present paper we wish to methodically investigate the role of a cosmological constant in the stellar equilibrium
configuration and radial stability of compact astrophysical objects. Such objects have been profoundly studied in
alternative gravity theories (as seen in, for instance, References [43,44,45], among many others). Most of the time, in
addition to investigating the possibility of existence of these objects in such theories, these works are motivated by an
attempt to predict the existence of massive pulsars, such as those reported in [46,47,48].
Compact objects in the presence of a cosmological constant can be seen in [49,50,51,52]. In [49], G.H. Bordbar et
al. obtained a maximum mass of ∼ 1.68M for a neutron star of Λ ∼ 10−8 km−2 (a value significantly distinct from
the one predicted via cosmological observations, namely Λ ∼ 10−46 km−2, which we will revisit in our approach). As
reported in [50], the typical values of Λ that yield observable effects in the structure of a neutron star are ∼ 10−2 km−2,
which is probably a consequence of the stiff equation of state applied by these authors. In [51], it was shown that the
maximum mass and radius of a star increase with increasing Λ. For a quark-meson coupling model equation of state,
it is possible to obtain a maximum mass similar to the recently reported massive pulsar in Reference [46]. In addition,
the influence of the cosmological constant on the structure configuration of a compact object with a Soffer equation
of state has also been investigated. For instance, in [52], the effect of Λ on the physical properties of a white dwarf
is analyzed; in this work, the authors find that such structure configurations are affected by a cosmological constant
of 10−10 km−2 (a lower value than the one required for a neutron star). It is important to mention that large values
of the cosmological constant have been considered in other types of astrophysical situations. For example, in the case
of accretion in primordial black holes during the very early universe, the cosmological constant can take values many
orders of magnitude greater than 10−46 km−2 (see [41]). Thus, in the aforementioned works, motivated by the search
for new equilibrium configurations or new phenomena responsible for structure equilibrium configurations, the authors
consider a cosmological constant value larger than the one predicted by cosmological observations.
Our paper is organized as follows. The stellar structure and radial stability equations are derived in Section 2. We
also present the equation of state we assume herein, namely, a relativistic polytropic equation of state. The stellar
structure and radial stability equations are solved in Section 3, in which we present the numerical method employed to
solve these equations. Our results are presented for different values of Λ, including Λ = 0 for the sake of completeness.
We show different profiles for the resulting stars that involve their mass, central rest mass density, polytropic index,
fundamental-mode eigenfrequency and radius. Our conclusions are presented in Section 4.
2 General relativistic formulation
2.1 Stellar structure equations
The perfect fluid inside the compact object considered herein is described by the stress-energy tensor, which can be
expressed as
Tµν = (p+ ρ)UµUν + p gµν , (4)
where p, ρ and Uµ are the fluid pressure, the fluid energy density and its four-velocity, respectively.
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With the aim of analyzing the properties of the fluid within the spherically symmetric compact object, we use a
spacetime line element in Schwarzschild-like coordinates as follows:
ds2 = −eνdt2 + eλdr2 + r2dθ2 + r2 sin2 θdφ2, (5)
with the functions ν = ν(r) and λ = λ(r) being dependent on the radial coordinate only.
For the assumed stress-momentum tensor, Eq. (4), and line element, Eq. (5), we find that the nonzero components
of the Einstein’s field equations, Eq. (1), are
dm
dr
= 4piρr2, (6)
dp
dr
= −(p+ ρ)
(
4pirp+
m
r2
− Λr
3
)
eλ, (7)
dν
dr
= − 2
(p+ ρ)
dp
dr
, (8)
where
eλ =
(
1− 2m
r
− Λr
2
3
)−1
. (9)
In the equations above, m represents the mass function within the radius r. Eqs. (6)–(9) are known as the stellar
structure equations. Eq. (6) is known as the Tolman-Oppenheimer-Volkoff (TOV) or hydrostatic equilibrium equation
[53,54], which is altered from its standard form to introduce the cosmological constant Λ [55].
With the purpose of finding static equilibrium configurations, Eqs. (6)–(9) are integrated along the radial coordinate
r. The conditions at the center of the object, r = 0, are:
m(0) = 0, ρ(0) = ρc, p(0) = pc and ν(0) = νc. (10)
The surface of the sphere, r → R, is found by the condition p(R)→ 0. At this point, the interior solution is connected
with the Schwarzschild-de Sitter vacuum exterior solution. This means that, at the surface of the object, the interior
and exterior metric functions are connected as follows:
eν(R) =
1
eλ(R)
= 1− 2M
R
− ΛR
2
3
, (11)
where M represents the total mass of the object.
2.2 Radial stability equations
The radial stability equations are obtained by infinitesimally perturbing the fluid variables and potential metrics.
This is accomplished by preserving the spherical symmetry of the background object. The perturbed quantities are
inserted into the Einstein field equations and the stress-energy momentum tensor conservation while preserving only
the first-order terms.
In [56,57], Chandrasekhar reported the radial stability equation for the first time. Its solution supplies information
on the eigenfrequency of oscillation ω. It is well known that, to rearrange this equation into a more adequate form for
a numerical solutions, the Chandrasekhar equation can be split into two first-order equations for the functions ∆r/r
and ∆p, with ∆r and ∆p being the relative radial displacement and Lagrangian perturbation of pressure, respectively
(see, for example, [58,59,60]).
The effects of the cosmological constant on the radial stability of both incompressible objects and polytropic
spheres were investigated in [61] by inserting the cosmological constant into the general relativistic field equations,
thus generalizing the radial pulsation equation with the presence of Λ. To obtain more appropriate equations for
numerical solutions, Bo¨hmer and T. Harko [55] presented these equations, for ξ = ∆r/r, in the following form:
dξ
dr
=
ξ
2
dν
dr
− 1
r
(
3ξ +
∆p
pΓ
)
, (12)
d∆p
dr
= (p+ ρ)ω2ξreλ−ν +
(
dν
dr
)2
(p+ ρ)ξr
4
−4ξ
(
dp
dr
)
− (p+ ρ) (8pip− Λ) ξreλ −
[
1
2
dν
dr
+ 4pireλ(p+ ρ)
]
∆p, (13)
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where Γ =
(
1 + ρp
)
dp
dρ represents the adiabatic index. The functions ξ and ∆p are considered to have a time dependence
of the form eiωt.
To analyze the stability against small radial perturbations, Eqs. (12) and (13) are integrated from the center to
the surface of the object. To achieve regularity in the center of the sphere, it is required that
[∆p]center = −3 [ξΓp]center . (14)
At this point, for normalized eigenfunctions, we have ξ(r = 0) = 1. In turn, on the surface of the object r = R, it is
found that
[∆p]surface = 0. (15)
2.3 Relativistic polytropic equation of state and speed of sound
For the present work, we use the relativistic polytropic equation of state (EoS) [62]. This EoS determines that the
pressure p and the energy density ρ of the fluid obey the equalities
p = κδΓ and ρ = δ + p/(Γ − 1), (16)
where κ and δ are the polytropic constant and the rest mass density, respectively. Following [63,64,65], we consider
the following polytropic constant:
κ = 1.47518× 10−3 (1.78266× 1015kg/m3)1−Γ . (17)
It is important to highlight that, as mentioned in reference [65], in equilibrium configurations where the fluid pressure
is small relative to the energy density, EoS (16) is similar to the nonrelativistic polytropic EoS p = κρΓ . This relation
is used to investigate the influence of the cosmological constant on the spherical equilibrium configurations and radial
stability of polytropes (see, for instance [61,66]). Moreover, this relation is used to address the extremely compact
polytropes (with a high exponent Γ ) [67,68] and, if we extrapolate the polytropic exponent Γ to infinity, to achieve
an incompressible fluid configuration [69,70]. A discussion about the compactness of compact objects can be found in
[71,72].
With the objective of checking where the causality limit may be violated, we need to analyze the speed of sound
of a compressible fluid through the following relation:
c2s =
dp
dρ
. (18)
For a relativistic polytropic fluid defined according to Eq. (16), this relation yields
c2s =
pΓ
p+ ρ
. (19)
For a given Γ , the maximum ratio p/δ that guarantees cs ≤ 1 is
Γ (Γ − 2)
Γ − 1 ≤
δ
p
, (20)
which indicates that the causality condition is not violated for Γ in the range of 1 ≤ Γ ≤ 2. Moreover, in order to
assure that cs ≤ 1 for Γ > 2, for higher values of Γ , a relatively larger δ/p is required.
3 Equilibrium and stability of relativistic polytropic spheres
3.1 Numerical method
To investigate the static equilibrium configuration of spherically symmetric objects, we solve the stellar structure
equations by means of the Runge-Kutta fourth-order method for a given Γ , δc and Λ. Then, the radial oscillation
equations are solved through the shooting method. This process begins with the numerical integration of Eqs. (12)
and (13) for a test value of ω2. After each integration, the test value is corrected; this continues until condition (15) is
achieved in the subsequent integration. The values of ω that satisfy this last condition are called the eigenfrequencies
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of oscillation. It is important to mention that our numerical algorithm reproduces the results presented in References
[60,73].
With the purpose of numerically investigating the equilibrium and stability of relativistic polytropic objects for
different adiabatic indexes, the normalization factors must be chosen carefully. A typical normalization factor consid-
ered for the solutions of the TOV equation and radial perturbation equation is δ0 = 1.78266 × 1015kg/m3, which is
the same factor considered in [65].
The results below are found considering different central rest mass densities δc, adiabatic indexes Γ and cosmological
constants Λ. In Subsection 3.2, we investigate the static equilibrium and radial stability of relativistic polytropic objects
for the central rest mass densities 1013 ≤ δc ≤ 1020kg/m3 and the adiabatic indexes 5/3 ≤ Γ ≤ 9/3. In Subsection
3.3, since we are interested in evaluating the influences of the cosmological constant on some physical properties of
very compact objects, following [65], we consider δc = 10δ0. For this central rest mass density, the maximum adiabatic
index that yields good results is ∼ 4.
3.2 Equilibrium configuration and radial stability of relativistic polytropic spheres with Λ = 0
1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0- 7
- 6
- 5
- 4
- 3
- 2
- 1
0
1
 Γ = 5 / 3 Γ = 6 / 3 Γ = 7 / 3 Γ = 8 / 3 Γ = 9 / 3
 
Log
(M/
M )
L o g ( δc [ k g / m 3 ] )
1 5 . 2 0 1 5 . 2 5 1 5 . 3 0 1 5 . 3 5 1 5 . 4 0 1 5 . 4 5 1 5 . 5 0- 1 . 2 0
- 1 . 1 5
- 1 . 1 0
- 1 . 0 5
- 1 . 0 0
- 0 . 9 5
- 0 . 9 0
- 0 . 8 5
- 0 . 8 0
 Γ = 5 / 3 Γ = 6 / 3 Γ = 7 / 3 Γ = 8 / 3 Γ = 9 / 3
 
 
Log
(M/
M )
L o g ( δc [ k g / m 3 ] )
Fig. 1. Left: Mass as a function of the central rest mass density for some different values of Γ and Λ = 0. Right: Magnification
of the region where the curves intersect. Note that the curves do not converge at the same point, as it might be deduced from
the left panel.
The behavior of the total mass with the central rest mass density is presented in Fig. 1 for some different polytropic
indexes Γ . The central rest mass density δc runs from 1.0 × 1013 to 1.0 × 1020kg/m3. The full circles on the curves
mark the maximum mass points. In all curves, we can note the monotonic increase in the mass with the central rest
mass density until it attains the maximum mass value at δ∗c . After this point, the mass decreases with the increase in
δc.
The change in the total mass with the polytropic index is also observed in Fig. 1, where three regions are shown.
In the first region, where δc . 2.0× 1015kg/m3, the total mass decreases with an increase in the polytropic index. In
the second region, where δc & 2.6× 1015kg/m3, the total mass grows with an increase in Γ . The third region, where
2.0× 1015 . δc . 2.6× 1015kg/m3 we see how the dependence of the mass on the polytropic index changes from the
first to the second region.
In Fig. 2, we show the mass against the total radius for five different polytropic exponents. As in Fig. 1, the
regarded central rest mass densities are in the range from 1.0× 1013 to 1.0× 1020[kg/m3]. Although these curves are
very similar to those derived by using the nonrelativistic polytropic EoS [64], the relativistic and nonrelativistic results
differ in the large energy density (rest mass density) regime [65].
It is important to note that the inclination of the curve M × R becomes clockwise with an increase of Γ and
becomes approximately vertical at Γ ≈ 2.0. From Figs. 1 and 2, a large polytropic exponent corresponds to a constant
rest mass density, δc = δ0, giving rise to the relation M ∼ 4piδ0R3/3. From this, it can be understood that the mass
grows linearly with the total radius cubed.
The behavior of the fundamental-mode eigenfrequency of oscillation squared, ω2, with the central rest mass density
is plotted in Fig. 3 for five polytropic indexes Γ . This figure considers stable relativistic polytropic spheres against small
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Fig. 2. Mass as a function of the total radius for five different polytropic indexes Γ and Λ = 0.
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Fig. 3. Fundamental-mode eigenfrequency of oscillation squared against the central rest mass density for some values of Γ and
Λ = 0.
radial perturbations. In all cases analyzed, the functions ω2(δc) obey a Gaussian distribution. This function attains
ω2 = 0 at the maximum total mass values. From this, it can be understood that, independent of the polytropic index
used, the maximum mass point indicates the onset of instability (see Fig. 1). Thus, in a sequence of polytropic compact
objects with the same polytropic index, the necessary and sufficient conditions required to identify regions composed
of stable and unstable stars against small radial perturbations are dM/dδc > 0 and dM/dδc < 0, respectively. This
method is similar to the turning-point method for the axisymmetric stability of rotating relativistic stars [74,75] (see
also [76]), for the radial stability of charged strange stars [77], for anisotropic strange stars [78] and for strange stars
in d dimensions [79]. In these works, in a sequence of equilibrium configurations with the angular momentum, total
electric charge, anisotropy at the star surface and the spacetime dimension fixed, the maximum total mass and the
zero eigenfrequency of oscillation are derived for the same central energy density.
On the other hand, in Fig. 3, we can also note that a relatively low Γ admits stable equilibrium configurations with
larger δc. In addition, for low central rest mass densities (. 1016 kg/m3), the radial stability of relativistic polytropic
spheres increases with Γ .
3.3 Equilibrium configuration and radial stability of relativistic polytropic spheres with Λ 6= 0
3.3.1 Equilibrium configuration and radial stability as a function of δc
In all relativistic polytropic structure configurations analyzed, we find that the effects of the cosmological constant
are more visible at relatively low central rest mass densities. In these cases, the hydrostatic structure configurations
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are affected by the cosmological constants of ∼ 10−5km−2 (−10−5km−2), which are lower (larger) than those used
for strange stars with values of Λ ∼ 10−3km−2 (−10−3km−2) [80]. Herein, we infer that the effect of the cosmological
constant is more notable in objects that are relatively less compact. This finding is consistent with the results reported
in the literature, where the cosmological constant values needed to affect the physical properties of white dwarfs [52]
are lower than those used in denser objects such as neutron stars [49].
Furthermore, in a sequence of equilibrium configurations with the adiabatic index and cosmological constant fixed,
the maximum mass peak matches with the zero eigenfrequency of oscillation. This indicates that stable and unstable
equilibrium regions are determined by the relations dM/dδc > 0 and dM/dδc < 0, respectively.
3.3.2 Equilibrium configuration and radial stability as a function of Γ
1 . 5 2 . 0 2 . 5 3 . 0 3 . 5 4 . 0- 0 . 6
- 0 . 2
0 . 2
0 . 6
1 . 0
1 . 4  
 
 Λ = - 1 0 - 5 [ k m ] - 2 Λ =  0 . 0
 Λ =  1 0 - 5 [ k m ] - 2
Log
(M/
M )
Γ
Fig. 4. Mass as a function of the adiabatic index for some cosmological constant values.
In Fig. 4, we present the change in the total mass with the adiabatic index for a fixed central rest mass density
δc = 1.78266× 1016 kg/m3 and for three cosmological constants, namely, Λ = 10−5, 0 and −10−5km−2. We also plot
the total mass for the null cosmological constant case for the sake of comparison. We take into account stable objects,
i.e., static equilibrium configurations with ω ≥ 0. In the three curves, we note the monotonic growth of the mass with
the adiabatic index.
The influence of the cosmological constant is noticeable in Fig. 4. When Λ = 10−5km−2 (−10−5km−2), the total
mass grows (decreases) with the cosmological constant. This is because Λ acts as an effective pressure that aids (hinders)
the fluid pressure to support additional mass. The effects of the cosmological constant becomes more noticeable with
decreasing Γ . The softer the matter contained in the spherical object, the greater the effects of the cosmological
constant on the structure configurations. In other words, the softer the fluid contained in the object, the lower the
cosmological constant value needs to be to affect the physical properties of a star (see [81]).
The total radius as a function of the adiabatic index is plotted in Fig. 5 with δc = 1.78266×1016 kg/m3 for different
values of Λ. As in Fig. 4, stable stellar configurations against small radial perturbations are considered. When Λ ≤ 0,
the radius grows monotonically with the adiabatic index. In turn, when Λ > 0, the radius decreases with an increase
in Γ until Γ ≈ 1.8 is reached. After this point, R increases with the adiabatic index.
In Fig. 5, the influence of the cosmological constant on the equilibrium configurations can also be seen. When
Λ = 10−5km−2 (−10−5km−2), R increases (diminishes) with Λ. As with the total mass, the effect of the cosmological
constant is more evident at relatively low values of Γ .
The fundamental-mode eigenfrequency of oscillation squared as a function of the adiabatic index is plotted in
Fig. 6 for three different cosmological constant values. In all the curves, we note that ω2 grows with Γ until Γ ≈ 2.7.
Henceforth, ω2 decreases with the adiabatic index.
The influence of Λ also appears in Fig. 6. When Λ = 10−5km−2 (−10−5km−2), ω2 diminishes (grows) with the
cosmological constant. The decline (growth) of the radial stability with the cosmological constant could be inferred by
noticing that a positive (negative) value of Λ acts as a repulsive (attractive) effective pressure, which is disadvantageous
(advantageous) to the radial stability. The effects of the cosmological constant are more visible for relatively low values
of Γ . As mentioned above, this result could be associated with the hardness of the matter contained in the star; the
less hard the matter, the lower the cosmological constant value needs to be to alter the equilibrium configuration.
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Fig. 5. Total radius of the object versus the adiabatic index for three different cosmological constant values.
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Fig. 6. Fundamental-mode eigenfrequency of oscillation squared versus the adiabatic index for a few cosmological constant
values.
4 Conclusions
The cosmological constant has been the foundation for an enormous number of discussions in physics. Although at
first glance the importance of the cosmological constant can be conceivable only on cosmological scales, its effects on
clusters of galaxies [82,83], galaxies [84,85,86], gravitational lensing [87,88,89,90] and even black holes [91,92,93] and
wormholes [94,95] (in addition to the compact astrophysical objects discussed above) have already been studied.
Within cosmology, beyond the standard model, there is also the possibility that the density of the cosmological
constant is increasing with time. This possibility results in phantom energy models, that can yield to a Big Rip fate
for the universe [96,97,98] (see also References [99,100,101]).
In the present paper, the equilibrium configurations and stability against small radial perturbations of relativistic
polytropic objects were analyzed under the Einstein’s theory of gravity with the cosmological constant Λ. For this
purpose, we numerically solved the TOV equation and the Chandrasekhar radial oscillation equation, which were
altered from their original form to include Λ. For the fluid contained in the sphere, we considered that the pressure p
and the energy density ρ are connected by the form p = κδΓ with δ = ρ− p/(Γ − 1), with δ, κ and Γ representing the
rest mass density, the polytropic constant and the adiabatic index, respectively. Following [63,64,65], we considered
κ = 1.47518× 10−3 (1.78266× 1015kg/m3)1−Γ . The effects of the cosmological constant on both the equilibrium and
the stability of relativistic polytropic objects were investigated by considering some different central rest mass densities
δc and adiabatic indexes Γ .
The investigation of the present article was initiated by considering a few values of the cosmological constant,
some adiabatic index values and varying the central rest mass density. For the relativistic polytropic spheres, an
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itemized investigation was accomplished by calculating their mass, radius and fundamental-mode eigenfrequency of
oscillation. From our results, presented in Section 3, for fixed Λ and Γ , we noted that the maximum mass and the zero
eigenfrequency of oscillation are derived with the same central rest mass density. This indicates that in a sequence of
equilibrium configurations with fixed Λ and Γ , the necessary and sufficient conditions to recognize regions made by
stable and unstable compact objects against small radial perturbations are dM/dδc > 0 and dM/dδc < 0, respectively.
Finally, stellar structure configurations were also investigated for fixed δc and Λ and several values of Γ . In this
situation, we considered δc = 10δ0, −10−5 ≤ Λ ≤ 10−5 km−2 and Γ from 5/3 to approximately 4. Indeed, in these
ranges of parameters, the influences of the cosmological constant were analyzed. We found that a positive (negative)
cosmological constant helps to increase (decrease) the total mass and radius but decreases (increases) the radial
stability. These effects are more notable at relatively low values of Γ , indicating that lower (larger) values of Λ are
required to influence less (more) compact structures.
As a possible extension of the present approach, we could, for instance, consider a radially dependent cosmological
“constant.” The regularity conditions, TOV equation, stability and surface redshift of anisotropic compact stars with
Λ(r) were analyzed in [102]. To do so, the authors assumed a Krori-Barua spacetime metric and the equation of state
pr = mρ, with pr being the radial pressure and m > 0 being the equation of state parameter. Their model was shown
in some aspects to be similar to boson star models [103,104,105,106].
Another possible extension of this work could come from applying the present approach to a different underlying
theory of gravity. In this regard, it is worth mentioning that some alternatives to general relativity are also dependent
on a cosmological constant, especially the noncosmologically inspired theories, such as braneworld models [107,108].
In particular, the f(R, T ) theory of gravity [109,110,111,112], where R is the Ricci scalar and T is the trace of the
energy-momentum tensor, can be mapped into a Λ(T ) gravity model and is welcomed as a foundation for future
applications of the present model.
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